Overexpression in Escherichia coli and affinity purification of chick kidney ferredoxin.
Vertebrate ferredoxins are 12-14-kDa iron-sulfur proteins, some of which transfer electrons to mitochondrial cytochrome P450s. The function of many of these cytochrome P450s is to catalyze stereospecific hydroxylation of endogenous steroids. As part of our interest in the kidney mitochondrial 1 alpha-hydroxylation of 25-hydroxyvitamin D3, we have constructed an expression plasmid coding for a fusion protein containing the chick kidney ferredoxin. We subcloned chick kidney ferredoxin cDNA, obtained from our vitamin D-deficient chick kidney library by polymerase chain reaction (Brandt, M. E., Gabrik, A. H., and Vickery, L. E. (1991) Gene (Amst.) 97, 113-117) into Qiagen's pQE9, which contains an N-terminal 6xHis tag (peptide sequence for 6 adjacent histidines present in the recombinant proteins). The coding sequence was preceded by a factor Xa cleavage site. The resulting plasmid, pQTcFdx, was overexpressed in Escherichia coli, and the soluble fusion protein was purified from the cell lysate in one step by Ni(II)-nitrilotriacetic acid-agarose chromatography. We obtained 7-10 mg of greater than 99% homogeneous fusion protein from a 1-liter culture and 4-6 mg of mature ferredoxin cleaved by factor Xa. The fusion protein possessed an absorption spectrum and an electron paramagnetic resonance spectrum quantitatively indistinguishable from those published for ferredoxin purified from adrenal glands and placenta or expressed in E. coli with another vector. The fusion protein was active in supporting the 1 alpha-hydroxylation of 25-hydroxyvitamin D3 in a reconstitution assay of a solubilized, partially purified preparation of cytochrome P450 from vitamin D-deficient chick kidney. We conclude that the procedure described here is an efficient way to produce and purify vertebrate ferredoxin; the [2Fe-2S] cofactor is assembled in vivo and effectively incorporated into the fusion protein in E. coli; slight alterations at the N terminus do not alter incorporation of the [2Fe-2S] cofactor or the biological activity of ferredoxin, and post-translational modifications, such as phosphorylation, are not an absolute requirement for ferredoxin electron transporting activity. The recombinant ferredoxin can be used for physical studies and other structure-function studies.